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Summary 

Structural modifications of testosterone and 19-nortestosterone have led to the 
synthesis of over 60 androstane and estrane derivatives" whose sensory evaluation 
has allowed molecular parameters to be established for release of a *steroid-type' 
scent. Odor perception with O-containing compounds in both classes has been 
foimd to be regioseiective^), Osmophoric groups at C(3) were found to be the most 
active and specific. Functionality at C (2) is accompanied to a large extent by 
anosmic defects, and O-containing substituents at C(l) and C(4) appear to affect 
the receptor membrane in exceptional cases. — 

A further characteristic of the Jsterpid-type' scent is diastereoselecthity^). The 
odor intensity of axial 2- and 3-hydroxysteroids is far greater than that of the equato- 
rial epimers, and epimeric hydroxy- groups in the 1-, 4-, and 5-positio^s lead to almost 
complete absence of odor. In addition, only steroids with 'normal* ring junctions 
and configuration were found to be odorants, whereas compounds with czj-junctions 
between rings A and B, or C and D, were fotind to be practically inactive. Steroids 
therefore follow the 'triaxial rule of odor sensation'. 

The most remarkable feature of our findings- with steroid odorants is enantio- 
selectivity^). Whereas with Ci9-steroids of the 'natural' enantiomeric series the 
perception threshold is extremely low (<6 ppb), the corresponding 'unnatural' 
enantiomers have been found essentially odorless by a panel of 30 persons. This 
appears to be the first reporte d insta nce of a" total enantioselective response to an 
odoraat. 



Introduction. - In 1944, Prelog & Ruzicka isolated 5a-androst-16-en-3a-ol (2) 
and its 3)?-epimer 3 from hog testes [1], Remarkably, the 3a-alcohol 2 was reported 



^) The. term *regioselective' is currently used for a reaction in which formation of one structural 
(or positional) isomer is favored over another. For convenience we use 'regioselectivc*. 'diastereo- 
sclective* or *enantioselcctive' for substrate>receptor interactions in which one positional isomer, 
diastereoisomer or enandomer leads to a different sensory response (in quality and/or intensity) 
than another. 
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[2] to have a musk-like odor while its diastereoisomer 3 was practically odorless [3], 
The extremely intense odor of the corresponduig ketone 1 was described as being 
'like that of vessels which had been used for storing urine for prolonged periods' [2]. 
With a steroid A/B-ring c/^-fusion {5 fi) both 3a- and 3)^-alcohols were found to be 
practically odorless [3]. Similar results were reported subsequently [2-6], which led 
to ia series of important studies in biochemistry, neurophysiology, endocrinology, 
sensory studies and general behavioral science in humans and mammals. 

An exact analysis of the steroid components in testes of mature hog? showed that the amount of 
the ^-alcohol 3 present was five limes that of the o-alcohol 2. Ketone 1 was found only in smaU 
amounts and yet ten times higher than the amount of testosterone. On the other hand ketone 1 and 
alcohol 2 were the main steroid components in both the parotid and the submaxillary gland; here the 
)9-alcohol 3 constituted only 5% of the total steroid fraction [7]. Other related findings were that 5a- 
androst-16-en-3-one (1) is reduced to the 3a-alcohol in the nasal mucous membrane of sows [8], and 
that the ji^.unsaturated Cig-steroids \, 2, 3 and 14 have been found to be metabolites of pregnen- 
olone [9], 

Ketone 1, which can accumulate to the extent of 0.5 ppm in fatty tissue in male pigs, has been held 
responsible for the off-flavor termed 'boar taint' of boiled pork [10], although Utde if any of this 
substance is found in female, immature or castrated pigs [10]. Both the ketone 1 and the 3a-alcohol 2 
have been identified as hog sex attractants [11]. Following sexual stimulation they are excreted in the 
boar's saliva from the submaxillary gland, and then stimulate the sow's immobility reflex before 
copulation [11] [12]. Inhibition of this effect after surgical removal of the sow's olfactory bulb confirms 
thai this stimulation by compounds 1 and 2 is olfactive in nature [13]. In fact, ketone 1 in the form of 
an aerosol is used for facilitating artificial insemination in pig breeding^) [14] [15]. Interestingly, in 
this series, the epimeric 3/?-alcohol 3 still shows 50% of the aphrodisiac activity of alcohol 2; and 5^- 
androst-16-en-3-6ne has been foimd to be even more effective in animal tests than the 5o-ketone 
1 [16]. 

In humans, C^teroids widi a double bond at C(16) have been identified in urine [17], ih armpit 
perspiration XI 8], in peripheral plasma and in lipoid tissue [19]. In the urine of both sexes exclusively the 
3q -alcohol 2 occurs as a glycoside. In this form it is excreted by males and females at average rates of 
1200 and 430 ^g per day, respectively, while only a negligible amount if any is excreted by children [18]. 
In contrast to humans, pig urine contains exclusively the 3y?- alcohol 3 [20]. Apocrinal glands of humans 
contain the sulfate esters of 3a-hydroxy-5a-androstan-17-one and 3iff-hydroxyandrost-5-en-17-one . 
which on heating are converted into 5a-androst-2-en-17-one (49) and the corresponding 2,5-diene, 
respectively [21]. The formation of androstane derivatives 1 and 2 in armpit perspiration [19] [22] is 
probably due to exogenous enzymatic action by certain bacteria [21]. . 

A treatise on the olfactosexual aspect of human behavior has been published over 78 years ago 
[23]. Armpits and genitals were considered as prime locations for production of a specific scent to 
which a controlling function in the biological process inherent in human reproduction was ascribed. In 
thii' connection the question of the 'likelihood of human pheromones' has been raised [24] [25]. One of 
the first comprehensive biological interpretation of the 'steroid -type' scent has been published in 196 1 
[26]. Whether compounds 1 and 2 can serve in any way as chemical signals between the sexes has not 
been clarified. Animal (chicken comb) tests have failed to indicate any androgenic acitivity for 

compound 1 [19]. On the other hand topical anti- androgenic activity is claimed for estra-4,16-dicn-3-one 

(54) \27Yls well as for androstane derivatives 19, 21 and 22 [28]. 

The aim of the present worlc is to ascertain molecular parameters for *steroid-type* 
scent release by structural modification of the steroid slceleton. This should provide 
useful information for understanding the mode of action of this class of odoriferous 
compounds. To acquire a firm basis for these studies we first reexamined Prelog*s 
compounds 1-3, 6-8 and 14 and then submitted them to sensory analysis together 



^) This product is sold under the trade name Boar Mate by Jeyes Ltd., Animal Health Division, 
Norfolk, England. 
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with the compounds listed in -Schemes 1-5 whose olfactory properties have not 
previously been reported. ^ 

were perceived by at least one person ) (see the Table) " 8"^° ^^^^ 

flj, wSS varied within relatively wide limits fiom one group to »oaie"<)_. 

tTtLaTtSrs S nta ^ £se or .e --gj "Sr'^'.; '^^^^ 
ingly difficult to evaluate; and that the results oi lesung renim 

" '"1?e' presence of an O-function seems to be a Vr^^^^^'^^^^"" 'Z.lT?5 
percep Jn i'urc^ds, thus. 5a-androst.l6-ene is odorless. The 3 a-alcohols 2. 7, 15 

3) ^a^H-oc panel of 30 to 90 persons was -Pj^^^J^^^a'^, t^^^^^ 

44. 46-48. 53. 57. 60-63 65 ^^^^^.j derivauves; and no 

to describe the odors of cither sandalwood or civetone. 

the appropriate acUve site and only then fom a specific mleracuor^ ^^^^^ 

With'one' group the distribution of "f^Wmalur^o^TcJ. in * Turse of three tests 
female (?) and male (3) subjects varied "^^'y ^, ^^'^"^ 24 males), we encountered 50% 
a, different times, although with another p^el ^^^^^^^^^^^J; would also appear to 

») Othe« have regwded this phenomenon as a mere anosnuc effect [331. 
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Scheme I. Androstane derivatives with an 0-function at C(3) 
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3 RJ- = H; R2 

4 Rl » OH; R2 » CH3 

5 Rl = CH3;R2 « OH 




11 







w f H jr 


I H 1 














1^ 



6 Rl + R2 - 0 

7 rI- » OH; r2 = H 

8 Rl - H; R2 » OH 
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9 R^ » 0; r2 » CH2 
10 R^ « CHj; R2 - 0 
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14 + = 2 

15 Rl - OH; R2 
^6 Rl » H; R2 



H 
OH 




17 Rl = OH; R2 = H 
1.8: Rl = H; R2 = OK 



19 




21 




22 



W 17 fSc/.e.. i; an have a ---n mus«,ae-t^^^^^^^ 

basic note'O). Several observers -Iso fom^d J^^^J^f^^^^^^^ ^^h the 

Weaty and occasionaUy ^"^^f.^^^^^f depending on the 
la-alcohols could be observed m up to 50/. P^^^^ derivative 7 not 

compound but irrespective of the sex °f ^^^T^^^,^^^^^^ intensity 
.aly gave nse-K^^^^ -^rj^ — nts were 

iative to compound 2, m the tenner me ur compounds 16 and 18 were 

fess intense than in the latter. Among ^'J'^^^; ^^^^"^ be of the same 

detected by over 30% of the P---\?^°;f. °^y,i^;^r3 8 [35° have been 

density as their ^^^'^^^^^'H^^^l ^T^Z^^Ll 3 waJ perceived by 
sported -^f^'^'f^'^^^'^S^Z^^^^Z SartSpants. With the tertiary alcohols 4 
f siSj^^tSp^^^^S^^odo^theurine component being 

Surprising six of eight parosmics show the same defect ^.h sandalwood oil. 
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Stronger in the former. The epoxide 9 was found by onl^r-a few people to have a 
•steroid-type' scent of low intensity, whereas the diastereoisomer 10 was not 

perceptible. 

For ketones 1, 6^0> 14, and 19-22 odor profiles similar to the cbrrespondmg 
3a-alcohols were found^^), though the sandalwood-like muscone-type odor was less 
in evidence when compared to. the sweaty-urine component. Higher oxidation 
states in these compounds appear to lead to lower odor intensity and also an 
increase in anosmia. In the epoxy-ketone 11 tonality and intensity are reminiscent of 
ketone 1, whereas the diastereoisomeric epoxy-ketone 12 has only a very weak odor 
and compound 13 none at all. 

Increase in anosmia and decrease in odor intensity were also noticeable in 
steroids when the 3-oxo-group had been transposed to another position. Among 
1-oxo-steroids, compound 30 had the strongest urine-sweaty- type odor; compound 
26 was found much weaker in this respect while the a,y^-unsaturated ketone 23 was 
practically odorless. The C(2)-ketones .31 and 34 were detected by less than 20% of 
the panel. A similar situation was found with 4.oxo-steroids 43^^), and 45 as seen 
from the Table; very few subjects foixnd these to have any odor, and none in the 
case of 46 and of the -unsubstituted ketone 38. The same observation was made 
with the cw-fused C(4)-ketone 41.. Surprisingly, the doubly unsaturated ketones 35 
and 42 were highly odoriferous and most panel members noticed a predomiaant 
urine-sweaty component. Among alcohols listed in Scheme 2 only 10% ^f the panel 
found any odor with compounds 25, 32, 3_6, 37 and 39; and none found any with 
compounds 24, 27, 28, 33, 40, 47 and 48. 5a-Androst-2-en-17-one (49), previously- 
described [3] as having a distinct urine odor, was found only weakly so by a jmall 
number of observers. This was also the- case with the saturated analog 50 which by 
some members of the panel was found to be muscone- and sandalwood-like. 

C/D-cw-compound^ 51 and 52 were weakly active, and 52 was more sandal- 
wood/muscone- than urine-like; compound 53 was practically odorless. 

The estrane derivatives 54-61 Usted. in Scheme 4 showed sensory properties 
similar to those of corresponding androstane derivatives 1-3, 14, 31-33 and 34, a 
similarity extending to the lack of odor of equatorial alcohols 57 and 60. The 
estrane derivatives, however, caused less anosmic defects-and smelt stronger. As 
observed previously with estraa,3,5-trien-3-ol and estra-1,3, 5,.16-tetraen-3.ol 
[4], aromaticity of ring Ain this series leads to complete lack of odor. 

Judging from our results with optically active odorants in the decalm series 
which behave in agreement with our 'triaxial rule of odor sensation' [36] one would 
—expect strong differentiation in odor properties between enantiomers m the s^roid 
series. This expectation was indeed confirmed. Ketone 14 was found to have a 
strong urine odor with an extraordinarily low (1 ppb) threshold value [33] but m 
the same panel nobody was able to detect any odor from 5nr.androsta-4, 16-dien- 

n) Ketone 6 showed only 20% of the aphrodisiac activity in hogs when compared to thai of the 
unsaturated ketone 1 [161. «/ ♦i, ^^^^u*^ ^™ ^ 

«) -me Table shows that for ketone 1 34% of the panel were P'"°^?''\^'*/"°'^'X°"P "^"^P^^^ 
35 persons only 20% (7 in number) showed parosmic defects for ketone 1. and f.ve of these were 

parosmic with regard to civetone. , 
13) The corresponding 3 a -methyl-derivative could not be prepareo. 
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23 Ri + r2 - 0 

24 - OH; ' H 

25 - H; R2 • OH 



26 Rl + R2 = 0 

27 « OH; r2 » H 

28 Rl - H; R2 - OH 




3-1 Rl + r2 = 0 

32 - OH; R2 . H 

33 Rl = H; R2 » OH 





35 R^ + R^ « 0. • 

36 R^ • 0H;-R2 = H 

37 Ri « H; R2 - OH 





38- Ri + r2 = 0 

39 Ri = OH; R2 = H 
40- R^ « H; R2 - OH 




43 




29 Ri « CH3; R| - H 

30 R^ - H; R2 - CH3 





44 = CH3; R2 ' H 

46 Ri « R2 - CH3 • 




Scheme 3. 5a, 13a-Androst-16^ne derivatives 51-53 




51 R^ + R^ ' 0 

52 = OH; R2 

53 Ri - H; 
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Scheme 4. Oxygenated estrane derivatives 




54 




55 + r2 -= 0 

56 • OH; R2 = H 

57 Rl » H; R2 = OH 




58 Rl + R2 = 0 

59 Rl = OH; R2 . H 

60 Rl » H; R2 - OH 




61 



Scheme 5. znl-Androstane derivatives 
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H 



62 



63 Rl ♦ - 0 

64 Rl - OH: R2 • H 

65 Rl ■= H; • OH 



3-oiie (62) [361. Similar results were obtained with ^ixg-A-saturated steroids of the 
'uratSaVseries 63-65. The equatorial alcohol 65 ax.d the ^J-^^f ^^^^^^^ 
and oidy the axial alcohol 64 has an exceedmgly weak ^J^^J ^'^ 

toeshold value was at least six orders of magnitude higher") than that of its 

"'SnclusiL coacenung receptor activity of steroids and the interaction of 
geometrical and chemical factors will be discussed after further work ). 

Syntheses - Several steroids described in this work are known compounds and_ 
hav! b *rpr;pared by Uterature- procedures. For such compounds, only references 
ie given iS Se Experimental Part. In cases, where substantial j-P™---^ 
kno^ methods were achieved, the procedure is descnbed m detail. A few com 
ments on the synthesis of certain compounds are necessary. ^vrtroxv and 

The C.<;-unsaturated steroids of this work are denved from 17-hydroxy- and 
17.oxo-steriids. Although several methods are known for the apparently trivial 



14) Here the urine note was entirely absent. , . j i ino/ « n i«A solution 

15) 25% of the panel were able to discern the odor of a 1% solution, and only 10% a O.l/o solution. 

»6) See, e.g., 137). 
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Table. Odor sensitivity of human subjects, to steroid^) 



-pound No. of participants 



total 



'Stcroid*-sccnt 
perception 

TW) 



No or non-typical*»). 
odor perception 



76 
89 

36 

31 

36 

36 

76 

76 

34 

31 

31 

36 

89 

36 

36 . 

36 

36 

36 

36 

31 

31 

35 

32 

30 

32 

32 

89 

89 

34 

29 

29 

29 

29 

29 

33 

76 

76 

35 

37 

89 

89 

89 

89 

89 

29 



17 
23 
12 
9 
12 
12 
17 
17 
10 
10 
10 
12 
23 
12 
12 
12 
.12 
12 
12 
10 
10 
12 
11 
9 
11 
11 
23. 
23 
11 
8 
8 
8 
9 
9 
9 
17 
17 
12 
12 
23 
23 
23 
23 
23 



59 
66 
24 
22 
24 
24- 
59 
59 
24 
21 
21 
24 
66 . 
24 
24 
24 . 
24 
24 
24 
21 
21 
23 
■ 21 
21 
- 21 
21 
66 .. 
66 
23 
21 
21 
21 
24 
20 
24 
59 
59 
23 
25 
66 
66 
66 
66 
66 
21 



11 (65) 
21 (91) 
6(50) 

1(11) 

3(25) 

3(25) 
13(76) 
11(65) 

1(10) 

6(60) 

2(20) . 

6(50) 
.20 (88) 

7(58) 

4(33) 

6(50) 

5(42) 

5(42) 

6(50) 

5(42) 

■4(33) 

2(17) 
1(9) 
-(0) 
4(36) 
3(27) 
4(17) 
5(22) 
6(55) 
1(12) 
1(12) 
2(25) 
5(55) 
1(11) 
1(11) 
2(12) 
4(24) 
4(30) 
3(25) 
20 (87) 
23 (100) 
18 (78) 
11(48) 
7 (30) 
2(25) 



28(47) 
50 (76) 
18 (73) 

4(18) 

6(25) 

6(25) 
48(81) 
36 (61) 

4(16) 

13 (62) 

3(14) 

13 (54) 

40(60) 

22(92) 

8(33) 

14(58) 
8(33) 

14(58) 

12 (50) 

10 (48) 

10 (48) 
- 5(22) 
1(5) 
3(14) 

10 (48) 

10 (48) 

14 (21) 
4(6) 
16 (70) 
1(5) 
2(10) 
2(10) 
18 (75) 
2(10) 
3(13) 
13 (22) 
12 (20) 
9(39) 
10 (40) 
42(64) 
54(82)- 
49 (74) 
17 (26) 
11(17) 
5(24) 



6(5) 
2(1) 
6(4) 
8(2) 
9(3) 
9(6) 
4(3) 
6(6) 
9(-) 
4(1) 
8(-) 
6(4) 

3(1) 

5(4)- 

8(4) 

6(5) 

7(5) 

7(6) 

6(6) 

5(3) 

6(3) 
10(3) 
10(1) 

7(2) 
8(4) 
19 (3) - 
18 (12) 
5(4) 
7(-) 
7(1) 
6(2) 
4(1) 
8(2) 
8(2) 
15 (10) 
13(9) 
8(3) 
9(8) 
3(-) 
-(-) 
5(3) 
12 (10) 
16(12) 
6(-) 



-31 (21). 
16(8y=) 

5(2)=) 
18(6) 
18(4) 
18(3) 
11(5) 
23(13) 
20(-) 

8(1) 

18(-) 

ll(4)c) 

26 inn 

2(2) 
16(2) 
10 (8) 

.16 (9) 
10 (8) 
12(6) 
11(3) 
11(1) 

18 (m 

20 (3)=) 

18 (-) 
11(1) 
11(6) 
52 (23) 
62 (24) 

7 (4) 

19 (1) 

19 (-) 

20 (-> 
6(2) 

18(2) 

21(5) 

46(21) 

47 (23) ^ 

14(4) 

15(4) 

24(15) 

12(8) 

17(12) 

49 (23) 

55 (24) 

16(-) 



*) The steroid derivadves Hsted in the Table were chemically pure. Their source and physicochcmical 
data are reported in the Experimental Fart; and they were submitted to the panel members as l/o 
solutions in EtOH on smelling strips. The composition of the panel and the method of testmg have 
already been described [29]. Unlike in the earUer work, we have not made any classificauon about 
odor strength, but comment on the various sensory properties in the text. The parucipants were 
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«ith a selection of key words, like "sweaty, musky, urine-like, woody, and ambergris' 
y r^e free ^write down any ither impressions they had. Compounds, whxch wer. not 
,^d by any of the panel members, are not listed in the Table (see footnote 4). 
*aSar • „thMM r».fer to the number of parucipants with a parosmic defect. The wrong 

c) Sec fo otnote 8. , . 

„^„:„: of testosterone Oil)''') into aiidrosta-4,16-dien-3-oiie (14). none of them 

'SZ^Z tS^C^^ f^-'^ the thermolysis (460») of the metixyl carbonate of 
SItosteroneV) to give the elimination product 14 in 90% yield. The same meihod 
gSe exSlent resuS also for other steroids with a methyl-carbonate function at 

^^^Se' a' ?-unkmrrted ketone 34 was synthesized from 5 a-androsta-l l6-dien- 
S-o^aS) in ^liogy to a pubUshed method [41]. This method gave a low yxjd 
?<10y;) for thrtraSormation of enone 14 into enone 35, a transformatton which 
was aaimplLhed in 31% overall yield using the method, of i?.g|w.r. etal [42Ksee 
Exper Part). Several attempts to prepare the 3a-methyl-denvative 44 from 45 
by kinetic protonation.of the corresponding enolate failed but direct i^adiaUon 
of 45hx ether led to a complex mixture, from which 44 could be isolated m 21 / yield^ 
!„?Testosterone OCXDC) was ssmthesized in 15 steps usmg methods descnbed 
for rToT^rsis'^teLstero^ [43-451^ Special^^^^^^^^^ 
enantiomeric purity of the crucial intermediates XXVI [43] and XXVn [44] oy 
re^^?Sctional recrystallization mitil the m.p. and [a]o-value were constant. 

We wish to thank Miss G. UngesUben for valuable assistance in preparing the manuscript and for 
drawing the formulas. 
— Experimental Part 

(with the valtiable coUaboraiion of ^. ChoUet-Damerius. B. Fret and R. Pay) 

Genera, remarks. Melting points (m.p.) were determined ^ ^\lt 
and are not corrected; for a few (polymorphic) compoimds. a specific 
means that the melt soUdifted upon further heanng and melted "^^^ ^'^^^Xn^JoZrv.is. 
rotations ([ab) were measured In CHCI3 at 20' ,«th a P^rkm-Elm^ r "fe^ " nd L 
stated. Thin layer chromatography (TLC.) was performed ^ ^^^c cWma^ J2hv (G^^^ was'^carried 
column chromatography on sUicagel (Merck) (0.063-0.2 mm), ^^£^2 g ass columns 

out on a Carlo Brba Fractcap 4200 "^f^ °~ °^ SOMB on 

(ID=3 mm): a) 1=1 m, 15% SE 30 on Chromosorb W. 60-90 ^^l" ^^h) Recording 

ChromosorbW. 60-80 mesh; c) 1= 1.6 m. 3% SILAR 3CP on CHromosorbQ (MW-UO ^ ° 

of spectra was carried out on the foUowing ''PP^"'*^= ^'^'^'"'^^^^f 'j^'L^Jiu^^ w=.weak, 
characteristic band positions are given in cm"'; abbreviauons: strong, m- medium, w 

") Roman numerals are used throughom this work for starting materials and intermedUtes not 
submitted to sensory evaluation. " • , j u ♦u*^t«r^ivci«; of testosterone 

IS) Androsla-4,16-dien-3-one (14) was obtamed in ^y:_f^.^\J'^^''^Z IZ^r^.n^ ^ 

benzoate [3], in 40% yield by pyrolysis of testosterone -n Jmt/v me* apyrrolidine 

testosterone j,-toluenesulfonate with tetrabuty ainmomwn ^.^^^^^ ^^tf^^y^M by 

[391 by treament of testosterone with a haloimxde and *^|f«/'.'''"^^^^^-„r 
elimination of testosterone methanesulfonate with Uthium chlonde m DMF [28J. 
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r . ^A.. m MMR • Bruker WH 360 (360 MHz), Bruker HX 90 (90 MHz) and Varian EM 360 
mhI? m^?r;^^^^ tetramethylsilane as internal standard (5 = 0.00 ppm); 

^mz). measurements were run I quadruplet, ^/-quintuplet, /r, - muluplet, 

.rSrj^i^rpt^up^^^^^^^^ - MS.: A,U. CH 4 or VoHan 

' - . /J'Af-dimethylfonnainide. DMSO- dimethyl sulfoxide. THF= teuahydrofuran. 
1 Preparation of compounds Z-ift 

Scheme 6 




r I 
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R . COOCH3 
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HO* 
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4 - OH; R2 . CH3 (471) 

5 Rl • CHj; R2 . OH {33X) 





:™CH,"s«Oie.SS!5M™^^^ h)(CH,)3S*ie.BuLi.THF/0-.25 73h. 

^ A ^ , 1^ .n ^ one (V> A solution of the methyl carbonate D?') (9.6 g. 27.6 mmol) in toluene 

t:':r^lnCoX6^^<^^^^oZ i^^SO.) and evaporated. The residue (7.24 ^^^^^ was 

c^y 'taS fSrn PE at 0' to give 6.42 g (87%) of 1. An analytiealsample was -cr^'^-^ J 
acetonitrUe at RT. M.p. 142-144-. l«b= +35-6- 1-15) (PI: >« P- l^^-^l . [a)}?- +38 (c-2.08)). 



19) 
20) 



The mass spectra of all compounds were in agreement with the strucmres (confirming their molec- 
ular weioht^ aad may be obtained on request from the authors. 

3-one CI Fluke) and methyl chloroformate in pyndme m 92% y^ld M.p 84 °to- +/5-6 
(c=1.25)'. IR. (CDC13)-. 1745^. 1710., 1450.. 128Cb. 'H-NMR. (60 MHz): 0.83 {s, 3 H); 1.02 
(f. 3 H); 3.78 (j, 3 H); 4.53 (br. (, /»8, 1 H). 
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IR. (CDO,): niOr. 159SH.. - IH-NMR. (360 MHz): 0.79 3 H); 1.05 0. 3 H); 5.70 (m. IH); 5.84 

Wndrojf.i6-cn-3a-o/ (2). To a iM soluUon of Uthiumtris(l,2-dmethylpropyl)hydndoborate 
M/ich 2 5 ^ 2 5 mmol) at - 55% under N^, was added a soluuon of keione 1 (500 mg. 1.84 mmol) 
^TOF n na?knd Te mbcture was aUowed to warm up to RT. After 3 h. the mixture was cooled to 
-5? aad Sr'Jzfd bT^^dltion of water (1 ml), foUowed by EtOH (3 -^I J^-^^^'^^L,^^^ 
o^izcd by aS to the mixture at -55" 10% aq. NaOH-soluUoa (5 ml) foUowcd by 30% aq^ 
aoTsoltTdoa (3 ml) and stirring for 3 h at RT. Cyclohexane (100 ml) was added and the org. phase 
2Sed with water'sat aq. NaHSOs-solution and sat -'l-,^';^!-';^^^-- . .tTm 

rNLsOA^ and evaporation of the solvent, the residue was chromatographed on silica gel (60 g) wuh 
S^^eCl a^tt 21 The axial alcohol 2 was eluted first (443 mg, 89%) and the second XracUon 
SSed *eCatoria! al^:>hol 3-(24 mg. 4.8%). An analytical sarnple of 2 
vv^n' Mn 142-144' [alr.= + l5* (c=1.33) ([2]: m.p. 143.5-144-. [o]i>«= + 13.9 (c-0.94)) 
m. tc^Cl^ y6i^^ tl5hl%9^: - 'H-NMR. (360 MHz): 0.77 (.. 3 H); 0.82 (.. 3 H); 4.03 (m, 

"'''la (3? StLTl (500 mg, 1.84 mmol) was reduced with sodium borohydride 

(75 ^1 2^^! r-mF/MeOH 5:1 (18 ml) at RT. (2 h). The crude product was l^^^^^^^^^l^^ 
on silica gel (60 g) using toluene/ethyl acetate 2:1. After traces of the axial alcohol 2 (9 mg, 2/.) Uie 
p^Sulwrial Scohol 3 (388 mg, 77%) was eluted. An analytical sample was recrystallized from 
M^Xter. M.p. 124-125'. [«b-.+ 14.2- (c= 1.12) ([2]: -P^l^^-ar ai'= + ll_2- (c=a^ 

(CDCl,): 3620m. 3430*. 1590w. - >H-NMR. (360 MHr): 0.77 {s, 3H); 0.85 (i. 3 H), 3.60 (/x«, 
y=lland5.1H);5.70(m. lH);5.84(m. IH). ,„ , r.. The mixture of 

3p.Methyl.5a.androst.l6.en-3a^l {A), and ia-methyl-Sa-androst-ie-en-SP-ol (5). 3^^^' ^ 
alcohoU 4 and 5. obtained by treating ketone 1 (545 mg, 2.0 mmol) with aii excess of ^^^^^^^f^''^ 
iodide in ether was chromatographed on siUca gel (50 g with '^"''^y^i"^^"^^^? J, f ^^.^j^' 
alcohol 4 was eluted first (274 mg. 4^) and was recrysuUized f^^^" ^» " '° ; ^ 

[ob= + 16.5° (c=1.21). - DR.. (CDClj): 3620w, 3470>v. 1595w. - 'H-NMR. (360 MHz). 0.76. (J. J tlj. 
0 79 3 hV lOO (5. 3 H); 5.69' (m, 1 H); 5.83 (m, 1 H). . 
■ Sie eq;atoriaI alcohol 5 was eluted in the second fraction (190 mg. 33%) and crystaUized m long 
needles from PE. M.p. 134^136-. lab=+20.5- (c- 1.17). - IR. (CDCI3): 3620w 3460h., 1595w. - 
(r60 MHz):0.76(.,3H)-.0.85(.,3H); ^-25 3 H);^.70 (m 1 H)^; 5.84 (m 1 H). 
Sa-Androstan-S-one (6) 131- M.p. 97-98'. [ab-+23.5' (c= 1.3) ([3): fi'l^' 
lalH-i +25.4- (c = 0.71)). - IR. (KBr): 1710. - 'H-NMR. (90 MHz): 0.73 (*. 3H); LOT^s. 3H): 1.9-2.5 

^"'''^^MosianM (7) [2). M.p. 139-140'. \ah-^1.6' (c= 1.5) a21: '^P' ^Jt^:''^" ^'^Tr?; 
laiyi + 2Mr=r.28)). - IR. (KBr); 3300 br. - 'H-NMR (90 MHz): 0.70 (5, 3 H); 0.79 (^. 3 H); 4.05 

'"aZ^sS]5c-<mdros,.16^n.3.r.ox^^^ (9). To sodium hydride (400 mg. 16.7 mmol) in DMF 
(20 ml) w?ad"ed ^maU portions trimethylsulfoxonium iodide (2.33 g. 10.6 mmol) and the mixture 
wasTtirred at RT. After 1 h. ketone 1 (54* mg. 2 mmol) was added. The mixture was surred for 2 h 
M RT Ten poured into ice-water. The precipitate was removed by filtration, washed with water and 
dried in vacuum, yielding 459 mg (80%) of pure 9 (by ^H-NMR.). 

The pure epoxide 9 was obtained after recrystallization from penile ^J^^T'l^l 
recrystalliLtion from acetone/water (a. RT.). and two-ceciystalhzauons from. EtOH ^^0- M-P^ 
^' lab=+3.8- (c=l.05). - IR. (CDCl,): 1595w. - »H-NMR (360 MHz); 0.77 {s, 3 H). 0.88 
^.3H);2.62(<4fi-system./^i, = 5,2H);5.71(m, lH);5.8S(m.lH). - 

When «>oxid 9 (5 mg. 0.017 mmol) was treated with LiAia, (5 mg) in ether (2 ml), an alcohol 
was obtained which was identical (by TLC. and GC.) with an authentic sample of 4. 

(3S)-Spiro[Sa.androst-16^n.3.T.oxirane] (10). A 1.33m solution of BuLi in THF (1.74 ml, 
2.38 mmol) was added dropwise to a surred suspension of tiimethylsulfomum lod.de C52V "ig 
2.59 mmol) in dry THF (25 ml) at 0' under N2 and the mixture was surred for 5 t 
(544 me. 2 mmo5 was added and the suspension was maintained at 0' for 30 
for 1 h^d stirred for 2 h at RT. THe mixture was poured into ice-water, extracted f„ 
with sat aq. NaQ-solntion. dried (NaiSO*). and evaporated in vacuum to give a mixture 01 y. 
and- starting material (SCO mg). 
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omatography on 100 g silica gel (cyclohcxane/ether 4:1) afTorded a first fraction (235 mg, 41%) 
tiing 9 and 10 (ratio 23:77 by *H-NMR.). Recrystallization from pentane (at -75*) and twice 
EtOH (at RT.) gave pure 10 (40 mg). (The second chromatographTc fraction contained the 
g ketone 1 (210 mg, 38%)). M.p. 142-143', [ab-+5,3« (c«0.94). - IR. (CDCI3): 1595w. - 
R. (360 MHz): 0.77 (j. 3 H); 0.91 {s, 3H); 2.57 (^B-system, y^B«5, 2H); 5.69 (m. IH); 
(m, IH). 

A small sample of 10 was reduced with" LiAiH4 in ether to give the alcohol 5 (identical with an 
itic sample by TLC. and GC). 



Preparation of compounds 11-2X 




11 (13X) 12 Vet) 




l^gents: a) CICOOCH3, pyridine, glyme/0724h; b) 460^ glass column; c) UB[CH(CH3)CH(CH3)2bH, 
W/~55«»; d) H2O2, KOH, MeOH/0724 h;. e) (pyrroUdone>jHBr3, glyme/0"; 0 LiBr, hhCO^, 
^UP/iiSVl^^ h; g) NH2-NHTS. toluene/reflux; h) MeLi, THF; i) Jones reagent; k) chloranil, r-BuOH, 
^\AcOH/reflux/3 h; 1) 2,3-dichloro-5.6-dicyanoben2oquinone, toluene/80V15 h. 
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4q,5a-Epoxyandrost'I6-en^3'One (11) arid'4JS, 5fi-epoxj^androst-I6-en-3-one (12)2»). To a suspension 
of androsta-4, 16-dien-3-one (14) (2.7 g, 10 mmol) inJvleOH (100 ml) at -40' was added successively 
30% aq. H202-solution (16 ml) and 10% aq. NaOH-solution (6 ml). The mixture was stirred for 24 h 
at 0* and extracted with CH2CI2. The crude product (2:8 g, oil) was a mixture of 11 and 12 (1:6) 
and was recrystallized from PE (30/50) at 0* to give 1.87 g of crystals, m.p. 108-1 15^ 11/12 (1:9). 
The mother liquors (830 mg) were chromatographed on silica gel (90 g) with ether/cyclohexane - 1 : 2. 
The first fraction (164 mg of 12) was purified by several recrystallizations from PE at 0", and the second 
fraction (155 mg of 11) was recrystallized from acetonitrile at - 30*. 

Data 0/ 11. M.p. 86-87*, [ab=-67.4* (c=0.95). - IR. (CDCb): niQs, 1595m;. - >H-NMR. 
(360 MHz): 0.80 (j, 3 H); 1.09 (s, 3 H); 3.05 (5, 1 H); 5.72 (m, 1 H); 5.86 (m, 1 H). 

Data 0/12. M.p. 114-115* ([28]: 117-118* (from MeOH)), [ab= + 143.5* (c=: 1.22). - IR. (CDCI3): 
niQy, 1590w. - >H-NMR. (360 MHz): 0.79 {s. 3 H); 1.19 (^. 3 H); 2.99 (s, 1 H); 5.71 (m, IH); 5.85 
(m. I H). 

la,2a'Epoxy-5a'androst'16'en-3-one (13). 5a-Androsta-l, 16-dien-3-one (20) was epoxidized with 
alkaline H2O2 following the standard procedure (c/. [46]). The epoxy-ketone 13 was obtained in 87% 
yield. An analytical sample was recrystallized from PE (30-50*) at 0*. M.p, 174.5-176* [ab** + 127 5* 
(c=1.31). - IR. (CDCI3): 1710J, 1590w. - ^H-NMR. (360 MHz): 0.80 (j. 3 H): 0.93 (s 3 H); 3 23 
(rf,/=4, lH);3.53(d^ /=4, 1H);5.7I (m. 1 H); 5.86 (m, 1 H). 

Androsta-4 J6-dien-3'One (14). A solution of the methyl carbonate FV^) in toluene was pyrolyzed 
as described for 1. Recrystallizatioii of the crude product from acetone at RT gave pure ketone 14 
in 90% yield. M.p. 127-129.5*, [ab= + 118.9* (c= 1.32) ([3]: m.p. 131.5-133.5* (hexanc). [a^^^ 
+ 123±3.5* (c=1.03)). - IR. (CDCI3): 3050w, 1660.y, 1615m. - ^H-NMR. (360 MHz): 0.82 (s, 3 H); 
1.22 (^, 3 H); 5.70 (m, 1 H); 5.73 (j, 1 H); 5.84 (m, I H). 

Androsta-4. 16-dien-3a-ol (15) and -3/3-ol (16). Androsta-4, 16-dien-3-one (14) was reduced at -55* 
with lithium tris(l,2-dimethylpropyl)hydridoborate in THF as described for the preparation of 2. 
^Chromatography on siUca gel with CH2Cl2/ethyl acetate 9: T gave pure axial alcohol 15 (48% yield) 
and pure equatorial alcohol 16 (48% yield). Analytical samples were further purified by recrystallization 
(from PE at ^30* for 15, from cyclohexane at RT. for 16). 

Data of 15: M.p. 77-79*, [ab= + 120.6^ (c=1.26). - IR. (CDCls): 3620m. 3440m br., 1660m. 
15951V. JH-NMR. (360 MHz): 0.79 (^, 3 H); 1.02 (5, 3 H); 4.07 (m. h;i^«5I0, IH); 5.48 {dx d, J^S 
and2, IH); 5.71 (m,-lH); 5.85 (m, IH). 

Data 0/I6. M.p. 116-119*, [ab= +53.9* (c- 1.28) a47]: m.p. 116-118*, [afo- +59.3' (c = 0.4)). - 
IR. (CDCI3): 3610m, 3420m br-, 3050m. 1660m, 1590w. - iH-NMR. (360 MHz): 0.78 (j, 3 H); 1.08 
is. 3 H); 4.15 (m, w^^^lO, 1 H); 5.30 (m, wm^S. 1 H); 5.71 (m. IH); 5.85 (m, IH). 

Androsta^5J6-dien-3a-ol (17). To a solution of alcohol 18 (545 mg. 2.0 ihniol) in acetone (100 ml) 
at 0* under N2 was added rapidly Jones reagent (1.5 ml, ca. 4 mmol). After 5 min, the mixture was 
poured into a dilute phosphate buffer (pH 7.2, 1200 ml) and extracted with ether. The extract^ were 
washed with sat. aq. NaCl-solution, dried (Na2S04) and evaporated to give mainly androsta-5. l6-dien- 
3-one as an oil (567 mg). The crude product was dissolved in THF (7 ml) and reduced with lithium 
tris(l,2-dimethylpropyl)hydridoborate at -55* as described for the preparation ' of 2. The crude 
product (530 mg) was chromatographed on siUca gel (100 g) with CHjClj/ethyl acetate 4:1 to give 
280 mg (51%) of pure a-alcohol 17 (eluted fu-st) and 13 mg of starting alcohol 18. A small sample of 17 
was recrystallized from acetone/water at RT. M.p. 138*. [ab^-77 5* (c= 1 2) - IR (CDCI3)* 
3580m, 3430m, 1665m;, 1590m;. - »H-NMR. (360 MHz): 0.80 (j. 3 H); 1.06 (j, 3 H);" 4.02 (m. 
IH); 5-44 (m, 1 H); 5.72 (m. I H); 5.86 (m. 1 H). V ' 

Androsta-5J6'dien'3P-ol (18). This compound was prepared in 73% yield by a known procedure 
[28] from commercial (Fluka) 3>ff-hydroxyandrost-5-en-17-one (VII). M.p. 137°, [a]D= -71.9° (c=1.5) 
a48]: m.p. 140-141*, [ob=-68*). - IR. (CDCI3): 3600m. 3420m br., 1670w, 1590>v. - ^H-NMR. 
(360 MHz): 0.8 0 (j, 3 H); 1.05 (s, 3 H); 3.53 (m. w.^^ll, 1 H); 5.38 (m, 1 H); 5.72 (m, 1 H); 5.86 (m, 1 H). 

21) The preparaUon of epoxy-ketone (12) by the same method has been described in [28] but the 

4a, 5a -configuration was erroneously assigned lo the major product. 
2^) l7^'Methoxycarbonyloxy-androst'4-en'3'One (IV) was prepared from testosterone (HI, Fluka) with 

methyl chloroformate/pyridine in 76% yield (after recrystallizaUon from MeOH) M.p 140-141*, 

[ab= + 95.4* (c-1.10). - IR. (CDCI3): 1740^, 1665*, 1450*. 1280j. - »H-NMR. (60 MHz): 0.87 

(J, 3 H); 1.20 (5, 3 H); 3.77 (5. 3 H); 4.53 (br. /, y« 8, 1 H); 5.75 (j. 1 H). 
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Androsta'4,6, Jd-tnen-S-one (19), Prepared in 45% yield according to [28]. M.p. 124-126° (from 
acetone). [ab^+SO* (c« 1.25) QIS): m.p. 122.5-124' (from heptane)). - IR. (CDClj): 3040m. 1650j, 
1620J, 159Qr. - »H-NMR. (360 MHz): 0.85 (j, 3 H); 1.14 (j, 3 H); 5.60 {s. 1 H); 5.76 (m 1 H)- 5 91 
. (m, 1 H); 6.14 {dx 4 10 and 2, 1 H); 6.20 {dx d, 7= 10 and 2.5, I H). 

Sa'Androsta-JJd-dien'J-one (20). 17^-Hydroxy-5a-androst-Uen-3:one (V) [49] was converted via 
the methyl carbonate VI^^) into the ketone 20 in over 80% yield. An analytical sample of 20 was 
recrystallized from PE at 0*. M.p. 96-97", [a]D=+46.5** (c=1.31). - IR. (CDCI3): 1675^. - *H-NMR 
(360 MHz): 0.80 (j, 3 H); 1.05 (j, 3 H); 5.71 (m, 1 H); 5.85 (m, 1 H); 5.86 (d; y« 10, 1 H); 7.16 (d, /- 10 
IH). 

Androsta*I,4J6-trien'3'One (21) [28]. To a solution of ketone 14 (540 mg, 2 mmol) in dry toluene 
(20 ml) was added 2,3-dichloro-5,6-dicyanoben2oquinone (1.36 g, 6 mmol) and the mixture ^as 
heated overnight at 80" under Nj. The mixture was diluted with ether, washed (diluted aq. NaOH 
and water), dried (Na2S04) and evaporated. Sublimation (llO'/O.S Torr) of the residue gave 233 mg 
(43%) of 21. The product was recrystallized twice from PE. M.p. 121-122*, [a]D= ±0', [a]365= - 301.3" 
(c= 1.5) ([28]: m.p. 123-125"). - IR. (CDCI3): I66O5, 1625^, 1610j. - »H-NMR. (360 MHz): 0,85 (j. 3 H); 
1.27 {s, 3 H); 5.72 (m, I H); 5.86 (m, IH); 6.08 (/, 1.5, 1 H); 6.23 {dxd, J= 10 and 2, 1 H); 7.06 

(^y-io. iH). 

Androsia-l,4,6J6-tetraen-3-one (22) [28]. Prepared by oxidation of trienone 19 with 2,3-dichlorO' 
5,6-dicyanoben2oquinone under the conditions described for 21. Sublimation of the crude product at 
12070.5 Torr gave 22 (25%) which, was recrystallized from PE. M.p. 99.5-101", [a]D= 4- 2.8° (c= 1.4) 
([28]: m.p. 100.5-102" (from MeOH)). - IR. (CDQa): 1655j, 1630m, 1608j. - 'H-NMR. (360 MHz)' 
0.87 (j, 3 H); 1.22 (^, 3 H); 5.75 (m, 1 H); 5.88. (m. 1 H); 6.00 (br. 1 H); 6.08 {dxd, 10 and 2. 1 H)- 
6.25 (m. 2 H); 7.06 {d, 7= 10, 1 H). 



Preparation of compounds 23-30, 

Scheme 8 




13 24- 23 25 




H 

29 • CH3;R2 - H (651) 

30 R^ ■ H; R^ • CH3(3SX) 



Reagents: a) NH2NH2, H20/reflux/8 h; b) Jones reagent; c) LiAlH4, ether/RT./l h; d) Li(jec-butyl)3BH, 
THF/-78"-RT.; e) Na, 1-propanol/reflux/l h; f) Li(5ec.butyl)3BH, THF/-78", then CH3I/—RT. 



') l7P-Methoxycarbonyloxy-5a-androst-l'en-3'One (VI). Prepared in 90% yield from hydroxy-ketone V 
[49] with methyl chioroformate in pyridine and recrystallized from ether. M.p. 189-192", 
(ab= +42.5" (c= 1.48). - IR. (CDCI3): 1740^, 1670j. 12705. - ^H-NMR, (60 MHz): 0.84 {s 3 H)- 
l.OO {s. 3 H); 3.76 (j, 3 H); 4.53 (m, 1 H); 5.80 {d, 10, 1 H); 7.09 {d /= 10, 1 H). 

) The reduction of 26 with LiAlH4 in ether leads to a mixture (ratio 85:15) of the alcohols 27 and 28 
(89% yield). 
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5a-Androst'2,J6'dien-J'One (23). To a solution of the alcohol 24 (1.40 g, 5.13 mmol) in acetone 
(60 ml) at 0* was added dropwise standard Jones reagent and the mixture was stirred at 0" for 15 min. 
Workup (ether) gave an oil which was chromatographed on silica gel (100 g) with cyclohexane/ether 
1:2. The product (1.03 g» 74%) was rccrystallized from PE (- 10'). M.p. 69.5°, (ab= + ng"* (c= 1.23). - 
IR. (CDCls): 1670j, 1590vi;. - iR-NMR. (360 MHz): 0.79 (j. 3 H); LIO (j. 3 H); 5.69 (m. IH); 5.79 
(rxt:^, 7«1.3and 10, 1 H); 5.87 (m, 1 H); 6.64 (rx 2.6 and 10, 1 H). 

5a-Andro5ta-2, 16-dien-la'Ol (24). A suspension of the epoxy-ketone 13 (2.13 g, 7.46 mmol) in 60% 
aq. hydrazine (70 ml) was heated under reflux for 8 h while N2 was bubbled through the mixture^^). ' 
After workup (ether),, the crude product (oil) was chromatographed on silica gel (200 g) with cyclo- 
hexane/ether 1:2 to give 1.12 g (55%) of pure 24. A small sample was rccrystallized from acetone/water 
(0*'). M.p. 86-89% [alD= + 153.9' (c=1.2). - IR. (CDCI3): 3610m, 3450"m;, I650w, 1590h;. - 'H-NMR. 
(360 MHz): 0.76 {s, 3 H); 0.78 (j, 3 H); 3.70 (br. d, /=4, 1 H); 5.70 (m, 1 H); 5.84 (m, 3 H). 

5a-Androsta-2,16-dien-l^-ol (25). the ketone 23 was reduced with LiAlH4 in ether (1 h, RT.) 
to give a mixture of the alcohols 24 and 25 (ratio 39:61 by GC.) in 86% yield. The mixture was 
separated by chromatography on silica gel with PE/ethyl acetate 9:1. The equatorial alcohol 25 was 
eluted first and was rccrystallized from MeOH. M.p. 87.5-90° (dec), [ab^+32,6'' (c=0.98). - IR. 
(CDCI3): 3620m, 1670w, 1595w. - ^H-NMR. (360 MHz, CDCla + DiO): 0.77 (j, 3 H); 0.82 (5. 3 H); 
3.98 (br. J. 1 H); 5.40 {qa>id, /a2 and 10, 1 H); 5.71 (m, 1 H); 5.74 (m, 1 H); 5.85 (m, 1 H). 

5a-Androst-16'en-I-one (26). To a stirred solution of ketone 23 (270 mg, 1 mmol) in THF (5 ml) 
at —78", imder N2, was added Uthium tri(.sec»butyl)hydridobdrate {Fluka pract., 1 ml of a 1m solution 
in THF) and the mixture was allowed to warm to RT. After 1 h, the mixture was cooled to 0" and 
water (5 ml), 10% aq. NaOH-solution (7 ml), 35% aq. H202-solution (4.5 ml) were added in succession. 
After 30 min at RT. the product was extracted with cyclohexane, washed (water, aq. NaH SO 3- solution, 
sat, aq. NaCl-solution), dried (Na2S04) and the solvent evaporated. The crude product (containing some 
alcohols) was oxidized with Jones reagent in acetone (0**) to give 263 mg of crude 26. Column chro- 
matography on silica gel (30 g) with toluene/ethyl acetate 9:1 gave 169 mg (62%) of pure 26. M.p._ 
58.5-60* (from PE), [a]D= + 156.2* (c=1.05). - IR. (CDCI3): 1705j; 1595w. - ^H-NMR. (360 MHz): 
0.76 (j, 3 H); 1.19 (j. 3 H); 2.72 (m, 1 H); 5:69 (m. 1 H); 5.87 (m, 1 H). ' 

5a'Androst'I6'en-Ia-ol (27) and ~I0-ol (28)2^). To a boiling solution of ketone 26 (217 mg, 0.79 
mmol) in l-propanol (100 ml), under N2, was added with sturing sodium in small pieces (2 g, 87 mmol) 
during 45 min. The mixture was heated under reflux for 15 min. After workup (ether), the crude product 
was chromatographed on siUca gel (20 g) with CH2Cl2/toluene 1:1 to give 175 mg (81%) of a mixture 
(ratio 65:35) of alcohols 27 and 28, They-were separated by three successive column chromatographies 
on silica gel (50 g, desactivated with 10% water) using eH2Cl2/cyclohexane 2:1. The equatorial 
alcohol 28 was eluted first. 

Data of 27. M.p. 109* (from PE), [ab^ +32* (c= 1.03). - IR. (CDCI3): 3630m, 3450w br., 1595»d;. - 
»H-NMR. (360 MHz, CDCI3 + D2O): 0.75 (s, 3 H); 0.82 (j, 3 H); 3.76 (t, 7=2, IH); 5.70 (m, 1 H); 
5.82 (m, 1 H). 

Data 0/28. M.p. 105-106* (from MeOH/HjO), [ab==0*, [al^%= -6,1* (c= 0.82);4agg5- -24.4* 
(c-0.82). - IR, (CDCI3): 3620h;, 1595>v. > »H-NMR. (360 MHz, CDa3+D20): 0.76 (j,-3H); 0.82 
(J,3H); 339{dxd,J= U and 5, I H); 5.67 (m, IH); 5.82 (m, I H). 

2JS-Methyl' (29) and 2a'methyl~5a-andr6st'I6-en'I -one (30). To a stirred solution of ketone 23 
(239 mg, 0.88 mmol) in THF (5 ml) at -78*, under N2, was added Uthium tri(jec-butyl)hydridoborate 
{Fluka prac t., 0.9 m l of a 1m solution in THF). After 1 h, Mel (71.6 jxl, 1.15 mmol) was added and 
the mixture was allowed to warm to RT. (1 h). Workup (ether) gave an oily residue which was 
chromatographed on silica gel (40 g) with toluene/ethyl acetate 9:1 to give a mixture of 29 and 30 
(180 mg, 71%, ratio 24:76 by GC. on a 12 m capillary colunm OV-IOI). The mixture was parUy 
separated by repeated chromatography on silica gel (desactivated with 5% H2O) using toluene/CHzC^ 
4:1-* 1:1. 30 (eluted first) was obtained pure after two reciystallizations from MeOH. but 29 (ca. 90% 
pure) did not crystallize. 

Data of 29. [ab=-105* (c = 0.6). - IR. (CDCI3): 1695^. 1595w. - ^H-NMR. (360 MHz): 0.77 
(j, 3H); 0.96 (4 /'=6.5, 3 H); 1.03 (j, 3 H); 2.77 iqaxdxd, /=6.5, 11.5 and 7, IH); 5.68 (m. 1 H); 
5.84 (m, 1 H). 



0 Traces of oxygen, probably by the formation of diimid'e, caused partial reduction of the double 
bond at C( 16). 
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Data 0/30. M.p. 1 11- 112.5*, [a]i>« + 144- (c- 1.02). - IR. (CDCla):. 1705:r, 1595h.. - "H-NMR. 
MHz): 0.76 3 H); 0.93 (d, J^6.5, 3 H); 1,17 (j, 3 H); 2.82 {qaxdxd, J ^6, 13 and 6.5. 1 H)- 
'•^69(m. lH);5.87(m, IH), 

t Preparation of compounds 31-34, 

c Scheme 9 




32 . - OH; R2 - H (62X) 

33 Rl . H; R2 . OH (33%) 




CHaO 




IKeagents: a) 540', glass column; b) LiAUHU. ether; c) KOH, MeOH/reflux/24 h; d) NHiNHTs McOH/ 
|anux/4 h; e) MeLi, etheiVrcflux/1.5 h; f) HCl, acctone/RTy 10 min. • * 

5a'Androst'16'en-2-one (31). A solution of 17iff-aceioxy.5o-androstan-2-one (Vm) [50] (12 0 g 
J36.1 mmol) in toluene (25 ml) was pyrolyzed at 540-/70 Torr in a Pyrex tube (length 1 m ID 15 mm' 
It wiA quartz pieces) in an Ar-atmosphere. The pyrolysate (7.8 g) was chromatographed on 
;^ca gel (350 g) with CH2CI2 and the homogenous fractions were recrystallized twice from MeOH 

^^'^^^ +57.r (c- 1.0). - IR. (CHCb): 1700.. 1580«;. - 
|H.NMR. (90 MHz): 0.76 (j, 3 H); 0.80 (s, 3 H); 5.80 (m. 2 H). 

L ^^''f'^l^^-^^'^"'^fi-ol (32) and ^2a-ol (33). The ketone 31 was reduced with Uthium aluminium 
«yctnde m ether (1 h. 20") to give a mixture of the alcohols 32 and 33 (ratio 2: 1), which were separated 
rf4.^*T^^!^^P^^ °" '^""^ "^'^ The axial alcohol 32 was ehitedrirst (yield 62%) and 

K fu Mx^^ M4> 115-116.5;, fab«+27.7» (c= 1.0). - IR. (CHCI3): 3650m, 35ck) br., 

S^85m. - iH-NMR. (90 MHz): 0.76 (s. 3 H); 1.07 (^, 3 H); 4.15 (m, 10, l H); 5.79 (,,1 2 H) 

Iftcrvs^y^^S'r*^ fraction from the chromatography gave 33% of the equatorial alcohol 33 which was 
;^i7stalh2cd from MeOH. M.p. 126-127-, [ab»+17.3'' (c=1.0). - IR. (CHCh)- 3650m 3500 br 
?585h,. - IH-NMR. (90 MHz): 0.76 (., 3 H); 0.83 (., 3 H); 3.78 (m, J,^^ 28, 1 H); 5.7^(^ 2 ^ 
^^Ye!!f'^^^^^ ^^}' " ^'^^'^^^y'^<^'^''^osta-JJ6^ien~3-one (DC). A solution of the 

h ! xT^ ■ ^ ^"'^^ ^^^"^ methanoUc KOH (57 ml) was stirred under reflux 

MnZn^ T-^l r^; T?i """"^"^ ^^^^'^^^ toluene, washed (sat NaHCOa- and sat. aq. NaCU 
'(50 eriirK ,^^2^*^^> evaporated. The residue (900 mg) was chromatographed on silica gel 
^^tateWol ^^l^^f^f^^'^iy* ^""^^''^ Sive pure DC (800 mg. 91%). M.p. 86.5^ (from ethyl 

I [«b=+41.7'' (c-0.91). - IR. (CDCI3): 1690^, 1620^, 1595^. - ^H-NMR. (360 MHz): 0 80 
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(s 3 ay l.e? (j, 3H): 2.32 (d^d, J=18 and 4, 1 H); 2.47 (dxd, 7-18 and 14, IH); 3.58 (s, 3 H); 
5.72 (m/l H); 5.87 (m. 1 H); 6,04 (s, I H). 

A'solution of IX (300 mg, 1 mmol) and losylhydrazine (279 mg. 1.5 mmol) in MeOH (10 ml) 
under N2 was heated at reflux for 4 h. The solvent was evaporated and the crude tosylhydrazone was 
dissolved in dry ether (20 ml). MeLi (2 ml of a 1.6m solution in ether, 3.2 mmol) was added and the 
mixture was heated under reflux for 1.5 h. After workup (ether), the crude oily 2-methoxy-5a-androsta- 
1,3, l6-triene (300 mg) was dissolved in acetone (3 ml) containing 3 drops of cone. aq. HCL The 
mixture was stirred at RT. for 10 min and poured into cold sat aq. NaHCOs-solution. Workup (ether) 
gave an oil (250 mg) which was chromatographed on silica gel (25 g) with toluene/ethyl acetate 9:1. 
A crystalline homogenous fraction (47. mg, 17%) of 34 was obtained. M.p. 96-98' (from PE), 
[ajj^^ + in* (c«0.77). - IR. (CDCI3): 1670J, I595vi;. - »H-NMR. (360 MHz): 0.76 {s, 3 H); 0.92 
(5, 3 H); 2.08 (rf, /= 16, 1 H); 2.55 {d, J« 16, 1 H); 5.71 (m, I H); 5.86 (m. 1 H); 5.97 (dxdxd, 10, 
3 and 1, 1 H); 6.58 {dxd, J= 10 and 2, 1 H). 



■ Preparation of compounds 35-46 (sec Scheme 10). - 5a'Androsta'2, 26'dien-4'One (35). - 4'Methoxy' 
androsta-4,16-dien-3~one (X). A solution of the crude mixture of epoxy-keiones 11 and 12 (ratio ca. 1:6, 
2.86 g, 10 mmol) and KOH (2,0 g, 36 mmol) in MeOH (200 mi) was heated under reflux in a N2- 
atmosphere for 40 h. After .usual workup (ether), the crude product was sublimed at 140V0.5 Torr (24 h) 
to give 1.79 g (60%) of X as a_YeUowish solid. A small sample was recrystallizeid from MeOH and PE. 
M.p. 100-101.5', lab= + i0-4" (c«l.48>. - IR. (CDCI3): l67Qy. - >H-NMR. (60 MHz): 0.80 {s, 3 H); 
1.22 (^, 3 H); 3.58 (s, 3 H); 5.76 (m, 2 H). 

3fi'Hydroxy'5a-androst-J6-en'4-one (XI). Cf. [421. A solution of the methoxy-ketone X (1.77 g, 
5.9 mmol) in ether (50 ml) was added at RT. to a slurry of UAIH4 (225 mg, 5.9 mmol) in ether (50 ml). 
After 30 min the mixture was cooled to 10* and acetone (100 ml) was added, followed by the addition 
of cone. HCl (3 ml). The inixtiu-e was stirred at RT. for 2 h and after workup with ether, the crude 
product (1.9 g) was chromatographed on silica gel (110 g) with toliieae/ethyl acetate 2:1 to give 1.61 g 
(95%) of a mixture of two isomers (ca. 4:1 by GC.)- The main product XI was obtained pure after two 
recrystallizations from PE. M.p. 139.5-141% [a]D= + 16.9" (c- 1.2). - IR. (CDCI3): 3500m, I7l5j. 
1595w. - iH-NMR. (360 MHz, CDCI3 + D2O): 0.76 (s, 3 H); 0.77 (j, 3 H); 4.11 (dxd, 7- 11 and 8, 1 H); 
5,72 (m, 1 H); 5.85 (m, 1 H), 

The 5)?-configuration is tentatively assigned (by NMR.) to the minor isomer of the above mixture. 
A solution of PBrj (1.02 g, 3.8 mmol) in CCI4 (20 ml) was added at RT. to a solution of the above 
4:l-mixture of XI (1.03 g, 3.58 mmol) in CCU (20 ml). After stirring for 3 h at RT., the mixture was 
diluted with ether, washed neutral (NaHCOs- and sat. aq. NaCl-solution), dried (Na2S04) and eva- 
porated. The crude bromide (1.22 g, 97%) was dissolved in DMF (30 ml), LiBr (1.73 g, 20 mmol) and 
Li2C03 (1.47 g, 20 mmol) were added, and the mixture was heated to reflux for 2 h. After workup 
(ether), the crude product was chromatographed on silicagel (90 g) with CH2CI2 to give 598 mg (62%) 
of pure ketone 35. M.p. 82-84" (ftom acetone/HjO), [a]D= +46'* (c= 1.41). - IR. (CDCI3): 1675^, 
1595W. - iH-NMR. (360 MHz): 0.76 (j, 3 H); 0.89 (j, 3 H); 5.72 (m, IH); 5.86 (m, I H); 6.00 (dxd, 
/«= 10 and 3, I H); 6.80 (dx dxd, J= 10, 6 and 2.5, 1 H). 

5a-Androsta-2,16'dien-4p.ol (36) and -4a-ol (37). Reduction of ketone 35 (220 mg) with LiAIHa in 
ether by the standard method gave a mixture of the alcohols 36 and 37 (ratio 66: 34. yield 87%) which 
were separated on silica gel (50 g) with CH2Cl2/ethyl acetate 9:1. The axial alcohol 36 was eluted 
first. 

Data of 36. M.p. 99-100" (from PE), [ab^ + 138.7" (c=l.ll). - IR. (CDCI3): 36307«. 1660h.', 
1595h;. - iH-NMR (360 MHz, CDCI3+D2O): 0.76 (s, 3 H); 0.98 (j, 3 H); 3.96 (m. wi/2« 10, I H); 
5.71 (m, IH); 5.84 (m, 3 H). 

Data of 31. M.p. 118-120' (from PE), [ab=-4.5'' (c = 0.89). - IR. (CDCI3): 3600m, 3440m br.. 
I66OV1;, 1595vi;. - »H-NMR. (360 MHz, CDCI3+D2O): 0.76 (5, 3 H); 0.84 (j, 3 H); 3.79 (br. ^, 7=6, 
1 H); 5.70 (m, 3 H); 5.85 (m, IH). 

5a-Androst-16-en-4-one (38) and 5^'andro5t-16-en'4-one (41). To a solution of Li (120 mg, 17 mmol) 
in liq. NH3 (50 ml) al -34* was added a solution of 35 (300 mg, 1,1 mmol) and nBuOH (90 mg, 
1.2 mmol) in ether/THF (1:1, 10 ml) and the mixture was stirred for 1 h. After workup (ether), an 
oil (298 mg) was obtained which was directly oxidized in acetone solution (15 ml) at 0" with Jones 
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11 -H2 (o/B»l:6) 




36 - OH; - H t66X) 

37 • H; r2 - OH (34X) 



5a-coofigur«tion 

41j39R^ • OH; r2 . H 
UO R^ - H; r2 - OK 
SB-configuration 
4Hl^ + R2 - 0 • 
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(> 300 nm), eiher/RT/2 h. 
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reagesnt (0.5 ml) for 10 min. After wdrkup -(ether), the crude product (280 mg) was heated to reflux 
with 0.4N methanoUc KOH-solution (20 ml) for 2 h. The mixture was poured into sat. NaHCOj- 
solution to give, after workup with ether, a mixture of 38 and 41 (268 mg, ratio 92: 8 by GC.)- Repeated 
chromatography on silica gel with toluene/ethyl acetate 19:1 and CH2CI2 aUowed the isomers to be 
separated (41 was eluted first). 

Data of3H. M.p. 118-119"* (from acetone/HzO), [ab= + 29.5' (c«1.12). - IR. (CDCI3): 3060w, 
1710s I595w. - IH-NMR. (360 MHz): 0.76 (j. 3 H); 0.78 (^, 3 H); 5.71 (m, 1 H); 5.85 (m, 1 H). 

Data of 41. M.p. 116-117* (from acetone/HjO), [ab=+2r (c-1.10). - IR- (CDCI3): 3060m;, 
l70Qs. - >H-NMR. (360 MHz): 0.75 (j. 3 H); 1.15 (5, 3 H); 5.67 (m, 1 H); 5.79 (m, 1 H). 

■ 5a-Androst-I6^n-4fi-ol (39). Reduction of the ketone 38 with NaBH4 in THF/MeOH 9:1 by the 
standard procedure gave a mixture of the epimers 39 and 40 (ratio 95:5, 92% yield), which was 
separated by chromatography on siUca gel with CHjQh/ethyl acetate 9:1. The main product 39 was 
recrystallized from acetone/water. M.p. 92-94°, [a]o= + 23.2' (c = 0.82). - IR. (CDCI3): 3630m. 1595U;. - 
»H-NMR. (360 MHz, CDCI34-D2O): 0.75 {s, 3 H); 1.06 (j, 3 H); 3.81 (m, win^l, 1 H); 5.70 (m, 1 H); 

5.84(m. IH). • ^ ^ . 

5a'^Anelrosi'I6-en'4a-0l (40). The ketone 38 was reduced with Na in 2-propanol as described for 
alcohol 27. The mixture of 39 and 40 (rado 1:9), yield 69%, was separated by chromatography as 
described for 39 and the main product "40 was recrystallized from acetone/water. M.p. 141-142", 
[ab= - ^-^^ C*^*" 1-^3). - IR. (CDCI3): 3620w, 3450m; br., 1595w. - ^H-NMR. (360 MHz, CDCI3 + D2O): 
0.75 (s. 3 H); 0.83 (s, 3 H); 3.45 (fX 11 and 4.5, I H); 5.70 (m. 1 H); 5.84 (m, 1 H). 

5fi-Androsi-I6'en'4'One (41). Sec the preparation of compound 38. 

S-Methyl-5a'androsta-2J6'<iien-4-one (42) and 3^-methylandrosta-5, 16-dien'4-one (43). A solution 
of the methoxy-ke'tonc X (3.0 g, 10 mmol) in ether. (30 ml) was added at RT. to a solution of methyl- 
magnesium iodide (34 mmol, prepared from Mg (800 mg, 34 mmol) and Mel (2.2 ml, 35.5 mmol)) 
in ether (100 ml). The mixture was heatcd-under reflux for 1 h, cooled (ice), hydrolyzed with NH4CI- 
solution and extracted with ether to give a mixture of epiroeric 4-methoxy-3-methylandrosta-4, le-dien- 
S-ols (3.0 g, 95%. oU). « r.o ^ 

To a solution of the above crude alcohols (750 mg, 2.4 mmol) in pyridine (15 ml) at 0 under N2 
was slowly added phosphorus oxychloride (4.2 g, 27.5 mmol) and the mixture was stirred at RT. for 
1 h. Workup (ether/water) gave a mixture of the enol ethers XII^^, Xni, and XIV (ratio 32:44:24) 
(700 mg) which was' dissolved in acetone (50 ml). Cone. aq. HCl (5 drops) was added and the solution 
was stirred at RT. for 3 h. After workup, the crude mixture of the a, ^-unsaturated ketones 42 and 43 
— (ratio 55:45 by GC.) was separated by chromatography on silica gel with toluene. The first fraction 
(317 mg 47%) was pure ketone 42 and was recrystaUized from MeOH (-30*). M.p. 63-65", [a]o = 
+ 77,7- (c=1.35). - IR, (CDCI3): 1665s, - ^H-NMR. (360 MHz): 0.76 (j, 3 H); 0.86 (i, 3 H); 1.76 
(f. 1.2. 3 H); 5.71 (m, 1 H); 5.85 (m, 1 H); 6.53 (m, 1 H). 

The second fraction (237 mg, 36%) was recrystallized from PE (-30°) to give pure ketone 43. 
Mp 92" [ab« -53-3' (c=0,92), - IR. (CDCI3): 1680j, 1630j. - ^H-NMR. (360 MHz): 0.80 {s, 3 H); 
0.97*(j. 3 H); 1.1 1 (^^, /= 6, 3 H); 5.73 (m, 1 H>; 5.86 (m. I H); 6.29 {dx d, 5 and 2, 1 H). 

3a-Methyl-5a-androsi-16-en-4'One (44). A solution of the 3/?-methyl ketone 45 (286 mg, 1 mmol) 
in ether (120 ml) was irradiated (Pyrex filter) with a medium-pressure Hg-lamp (125 W) at 20" for 
2"h, while N2 was bubbled through the solution. The solvent was distilled and the residue chromato- 
graphed on silica gel (60 g) with CH2CI2. After a fraction containing starting material 45 (54 mg), a 
fraction (50 mg, 21% based on consumed 45) was obtained which crystallized spontaneously. It was 
recrystaUized from PE to give pure 44. M.p. 119-120% [ab—lS* (c=1.0). - IR. (CDCI3): 1710^, 
1595W. - »H-NMR. (360 MHz): 0,76 (j, 3 H); 0.79 (^. 3 H); 1.21 (^ /= 7, 3 H); 2.36 {dxd^J^M and 4, 

I H); 2.48 (br. 91, Jw7, 1 H); 5.71 (m. 1 H); 5.85 (m, 1 H). 

3p^hfethyl-Sa-androst'16'en-4-one (45). Li (240 mg. 34.6 mmol) was dissolved in Uq. NH3 (60 ml) 
at - 34*. A solution of the ketone 43 (600 mg, 2.1 mjnol) and r-BuOH (180 mg, 2.4 mmol) in THF/cther 

II (10 ml) was added and the mixture stirred at -34* for 1 h. Ammonium chloride (2 g) was added 
and the NH3 evaporated. After workup (ether), the crude product (oU) was chromatographed on siUca 



^6) Enol ether XII was obtained as the main product, in 60% yield if the crude 4-methoxy-3-methyl- 
androsta-4, 16-dien-3-ols were dehydrated with pyridinium /j-toluenesulfonate in MeOH (1 h 
reflux). Hydrolysis of pure XU with aq. HCl-solution in acetone gave ketone 43 in 80% yield. 
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gel with toluene/ethyl acetate 19:1 to give 442 mg (74%) of pure ketone 45. M.p. (from PE) 88-89 5 % 
falD=+35 5" (c-141) - IR. (CDCI3): niOu, 1595h>. - ^H-NMR. (360 MHz): 0.73 (j, 3 H); 0.76 
(s ^ H); 0.99 {d, /= 6, 3 H); 2.37 (m, I H); 5,70 (m, I H); 5.84 (m, 1 H). 

' 3 3.DimethyU5a'androst-16-en~4'one (46). To a solution of ketone 42 (214 mg. 0.75 mmol) m THF 
(10 ml) at - 50* under N2 was added a 1m solution of lithium tri(jec-butyl)hydridoboraic in THF (I ml, 
1 mmol) After 1 h at - 50% Mel (228 mg, 1.6 mmol) was added and the mixture was aUowed to reach 
RT and stirred for 90 min. The mixture was dUuted with PE (20 ml), cooled to -30* and 10% aq. 
NaOH-soluUon (3.5 ml) was added, foUowed by 30% aq. H^Oj-solution (2.5 ml). The two-phase system, 
vdeorouslv stirred at RT. for 30 min. After workup (cyclohexane) the crude product was chromato- 




Preparation of compounds ^7 and 48, 



Scheme 11 




47 (37t) 



Reagents: a) H2/(Ph3P)3RhCl, EtOH/RT./4 h; b) HS-CH2CH2-SH, AcOH, BF3 • EtjO/RTVi days; 
c) Raney-m, MeOH; d) m-Cl-C6H4C03H, CHCI3/2OVI t; e) LiAlHt. dioxane/reflux/4 h. 

Androst'4^en-3-one (XV). A solution of androsta-4, 16-dien-3-one (14, 1.0 g) in EtOH (50 ml) was 
hydrogenated at RT. in the presence of chloro-£m(triphenylphosphine)rhodium (50 mg) until no more 
H-i was absorbed (4 h). The solution was filtered through neutral alumina (30 g) and evaporated to 
Sve 1.0 g of ketone XV. [ab= +111.3* (c^6.9). - IR (CDCls): 1655.. - ^H-NMR.. (60 MHz): 0,77 

^''^^Tn2o^-4^l^{^^^^ of the ketone XV (3,0 g, 11 mmol) and 1,2-ethancdithiol (5 ml) 

in acetic acid (60 ml) at 60" was added boron trifluoride etherate (3 ml) and the solution was stirred 
for 2 days at RT The solvent was distilled in vacuo and the residue dissolved in MeOH (50 ml). The 
solution was stirred with Raney-m (20 g) for 20 h, filtered, and concentrated. Chromatography of the 
residue on neutral alumina with EE^ave 1.3 g (46%) of pure XVI. M.p. 49-54*, [a]D= +68 (c= 10)^ 
IR (CDCI3): 815m. - iH-NMR. (60 MHz): 0.72 (s, 3 H); 1.0 {s, 3 H); 5.27 (m, 1 H). 

5a-Androstan'5'Ol (47) and Sp-androstan-S-ol (48). A solution of 4-androstene (XVI, 258 mg, 
1 mmol) and m-chloroperbenzoic acid (210 mg, %S%^Aldrich) in CHCI3 (10 ml) was stirred at RT for 1 h. 
The solution was washed with aq. NaHCOs-solution and filtered through a small amount of sihca gel. 
The crude mixture of epoxides (280 mg, ratio ca 45 : 55 by GC.) and Uthium alumimum hydride ( 1(X) mg) 
in dioxane (20 ml) was heated under reflux for 4 h. The mixture was cooled, poured on ice-cold aq. 
HCl and worked up with ether. The nuxture of 47 and 48 was separated on siUca gel with PE/ether 9:1. 
The fust fracuon (100 mg, 36%) was pure alcohol 48. M.p. 76-78°, [ab= " 10.6" (c= 10). - IR. (hq.): 
3480. - »H-NMR. (60 MHz): 0.70 {s, 3 H); 0.97 (5, 3 H). . ..o r , ^ , 1 n^i- / im 

The second fraction (102 mg, 37%) was pure alcohol 47. M.p. 60.5-62 , [ab- + 11.03 (c= 10). - 
IR. (Uq.): 3500m. - iH-NMR. (60 MHz): 0.70 (5. 3 H); 0.92 (j. 3 H). 



The ^-toluenesulfonate (1.5 g 3 38 Jmo, ^ ^^""P"^ ''•^-'SO-); rah=T«3-?. 

m quantitative yield Mr. i i^Tir^t ^9 over Pd/r nn% w t= 

ri iNAiK. (90 MHz): 0.S4 (j. 3 H); 0.89 



Preparation of compounds SI-S3, 




Scheme 13 



HO- 



XVII 




xviri 



gd^r 52 Rl . OH; R2 „ H 
g hrSi + R2 . 0 

S3XL53 Rl . H; r2 . OH 



53X1^53 . H; r2 . OH 

nig. 38^) and the second fraction was the desired 
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tosylhydrazone (657 mg, 30%). To a solution of this cnxde tosylhydrazone (630 mg, 1.37 mmol) in 
ether (50 ml) at 0" under was added dropwise McLi (4 ml of a 1.6m solution in ether, 6.4 mmol)^ 
The mixture was stirred at RT. for - 18 h. After workup (ether) the crude product was chrorftatographed 
on silica gel (40 g) with ethyl acetatc/cyclohexane 1 : 1 to give 140 mg (37%) of alcohol 52. M.p. 120-121 
(from PE). [ah- - 108.8» (c^7.43). - IR. (CDCI3): 3650h.. - »H-NMR. (60 MHz): 0.63 (., 3 H); 0.90 
(j, 3 H); 4.03 (m. 1 H); 5.48 (m, 2 H). ■ ^ , ux 

5a I3a-Androst'I6^en.3^-ol (53). Reduction of ketone 51 with L1AIH4 in ether (RT„ 1 h) gave a 
mixture of 52 and 53 (ratio 1:9) which was separated by chromatography on siUca gel with ethyl 
acetaie/cyclohexanc 1:1. The pure equatorial alcohol 53 was obuined in 53% yield. M.p. 92-94 
(from PE), [ab= - 93.r (c= 1.15). - IR. (CDCI3): 3610m. 3430iv. - »H-NMR. (60 MHz): 0.68 (j, 3 H); 
0.91 (j, 3 H); 3.60 (m, 1 H); 5.48 (m, 2 H). 



Preparation of compounds 54^61. 



Scheme 14 




59 Rl - OH; r2 • H (SOX) 

60 - H; R2 - OH (781) 

Reagents: a) AcjO, pyridine; b) 540^ c)_Li, NH3; d) LiB(5ec-butyl)3H, THF/071 h or LiAlH4, ether; 
e) PhCHO, KOH, EtOH/RTy3 daysfT) NaBHj, THF, MeOH/RTy3 h; g) O3. AcOEt, MeOH/-78'*; 
h) Zn, AcOH/30740 min; i) Zn, AcOH/reflux/2 h. 

Estra~4J6-di€n'3-one (54) [27]. 19-Nortestosterone (XIX) (Chemical Dynamics Corp,) was converted 
into the known acetate [54] with acetanhydride and pyridine. A solution of this acetate (4.8 g, 
15.17 mmol) in toluene (10 ml) was pyrolyzed at 540* (200 Torr, slow Ni-stream) in a glass tube packed 
with quartz pieces. Chromatography of the crude pyrolysate (3.1 g) on sUica gel (150 g) with^CHjCh 
gave 1 1 g (28%) of the homogenous oUy ketone 54; (ab= +57.9° (c= 1) ([27]: m.p. 71-73"). - IR. 
(CHCI3): 166QS, 1615771, 1585vi;. - 'H-NMR. (90 MHz): 0.84 (j, 3 H); 5.82 (m, 2 H); 5.87 (br. 5, 1 H). 

5a-Estr-16-en-3-one (55). A solution of 17yff-acetoxy-5a-estran-3-one [55] (8.0 g, 25.1 mmol) in 
octane/acetone 10:1 (22 ml) was pyrolyzed at 550* (200 Torr. slow Nj-stream).. Chromatography of the 
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ftacuoas from PE 8f:^,^-^\|iS MHz): 0.79 (5. 3 H); S_71^^^^^ „f , IM soluuoa 

IR.(CHaj)-. 17055. 1585w--'H-NMK^"^^^ "^^^^'^-''''f ^'^i^S (800 mg. 3.10 mmol) in dry 
Sa.Estr-Jfi-en-.Jo-o/ (56). 1':^*^'*^^'.° , o» to a soluuon of ketone 55 (SW ^B. .. ^ adding 
TOF 4 mmol) was add^ f w ter was added (10 -^^■:^',^^ZT^X ^ ^ ^-l" 

^*er (5 ml). Aft" stimng for h^t « H^OvSoluuon (3 and s ^^^^^.^^.^^^ 

m aq. NaOH-soluuon (5 ml), follow , ^. ^ ^^^^^ of 56^»** 1^1^ ^23-124" (from PE). 

was hydrolyzed cached on silica gel with CH2CI2. A ^ U3-U5-, Io1d= +56.3 

tl xO): - IR. (CHCI3): 3640m. 3500 br.. 158^w ^ ^^^^^^ 

\h);'571 (m. IH); 5.87 (m. IH). 3,„,w,.^,„e.i7^-/.y<fr°-^-f»-«^''^,.^^^^^ nunol) and . 

5a-Estr-l6-en-2.one (»)• " 2^"^^ 55 g ^„ol) 156]. ^>»'^**=^y^^l for 3 dayT at 20-. The 
of 17/J-hydroxy-5a-est«m.^one 5^ ^^^^ ''^t^Tn f% S^-^'^'y ^ 

IH-NMR. (90 WHz): 0 76 (5, .sn,. hydroxy-ketone XM 

- 3 69 (br. t. J= 8, 1 H); 7.42 (.m, ^p-^.^, pcXII). C/. 150]. A solution of the y ^^^^^ 

iBen^/i^ne-^a-estror^-^^.i/^-^'f^ >^ ^jj^^j "''^^^^e soltttiin was washed with 

r ^-^htrA'thlS^rSa^.-Ued ^ Sr^r^ot^^ A smaU sW^^ 

waT recrystaltaed-from ^f^^. Th^NMR. (90 MHz): 0.76 (j, 3 H). 3-23 Cdx«^ 
rCHCl3):W 3500br ^.^^ ^ 

\h); 3.64 (br. ^. J= 8, "-^i ia-«rr.n. (XXHI). C/ l^OV IJj^^'^jo ml) and left ovem.gh 
3PJ7p-DUicetoxy-2-l^nzyl'dene o ^^^^^ anhydnde/pyndine > ^^^^ ^^^pu 

50 8 mmol) was dissolved in » "^'^^e soUd crude aceute m quanU^uve yi ^^^^^ . 

'at 20'. Evaporation of the «a^en^ gave ^.^^ l«l°= ^^fHr.'i '(bf ;t ^ '^"^^ ' 

was recrystallized from^MeOH M.p ^ ^ ^ h), 3.23 (br. 4 

IH-KMR. (90 MHz): 0.80 (5. 3 H). ^ 3 ^^^^^ ^xm (22-6 

r~ R 1 5 38 (m, iH); 6.40 (W. s, kqi a soluUon of the cruoc , „ j^x-^, wi 

■ - 50.2 rLol) in MeOH/ethyl a«.tMe S^wa.^^^ ^^^^ a Je ^In ^ ^^^^^ 

passed through VSTwL Sd^^-ithin 20 min to tl'7X^1u"^^ap^rated and the^res^^ 

^^^^^^s-raiii^^Hf t^-^-e -rrnr^HS) 

'^:^^-^\^^^>^t^^^^ C5x* » ana 3.5..1H). 
Th-NMR. MH^)- O-^y;- J 12 and 7. 1 H). ^^ded to a stirred s<^u. 

filtrates evaporated in vacuum. 

: , ^aehyde(c/l501)wasemployed.thecorrespondins2-(4-meaio:cyben.yU 

rraJvro?xfdt^?Sst^-«*^^''^^^^^ 
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ac, NaHC03-soIuuon and wa..^ crude P-^- ^5^0 S) j5^e.PB 
..61 (^xy = 8 aadj IHV ^^^^^^ ,y^«l 540- and 

described for 56. The crude product contamed ca. ^fj'f '^!'^f^^°^ 59 ^.p. 109-110" (from PE). 
on .^ca .el (ISO^S) wi. -.g. . .ve^SO^^^^^^^ 3H); 

as described for 57. After cKroma^graph^^^ p^,, 
3.60 (br.m. W,/2«20, 1 H); 5.71 (m. I H); 5.87 ('"• J H)- _ conditions described for 58 

5.71 (m, IH); 5.87 (m, pardy overlapping, IH), 5.97 {dv^d, pamy ovcrmpn e*. 
6.76 (<f X /= 10 and cfl. 1, I H). 



Preparation of compounds 52-65. 



. XXVI 



Scheme 15 




XXIX 




64 Rl • OH; R2 - H 

65 - H; R2 > OH 



Reagents: a) ^.^-dichloro-^-butene .BuOK^^^^^ 

c)HC(OCH3)3.MeOH.p-TsOH.RTy4h; °°SVchS(<^^^ THE/-55': i) NaBH4, 

0 U. NH3 Uq.. t-BuOH; g) Jones reagent; h) UBlCH(CH3)«-in(.^n3;2J3 
THF. MeOH/25'. 

XXvJl was preyed foUowing I43bl <f ^/^^lue S'c^^^^^ 65.8-66.8% 

recrystallized several times from ether ^"^l^Vli^.^t^l^^^^ 

lob= -370* (c- 1.5, benzene) a43b]: m.p. 66-66.5 , [ab- +36' V i ". " ' 

of XXVI). /VYVIT^ rf r441 This compound was synthesized in 7 steps, 

start^c^m ;;i«St^^^ l^'" 
Starting from XXVi loyo^if^o ^ =-44 5'" (c« 1.0) for the enanuomer). 

acetone), lab=+39.5-(c=10) 044^. m.p^^^^^ ,t!oJ XXVII was converted to the ketal 

ent-r«»«er«.ne (XXK). Cf i;'^'^^''i.?^!^de ketal by a known method 145], was transformed 
XXVra by a standard sequence (c/. 144]). The "^'^'J^^j^ J^^^ (iH-NMR IR.) as testosterone (IH) 
to crude XXK Oob= - US") which showed the same spectra ( n NMK.. 

aab= + 125°). 
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^r^.Androsta.4.16.dien.3.6.e (62). The crude e„r-testosteroae XXK (2.2 g. 7.63 -"/oD J"^ " 
verted in1o 7e corresponding methyl carbonate (2.6 g. 98%)«) which was pyrol^d as described for 1^ 
^Tcr^de product (L6 g) was chromatographed on siUca gel (430 g) with PE- ether to give 1.5 g 
rW.rof slighS impure 62. Recrystallizauon (5 times) from ether/pentanc gave 320 »8 of pure 
Z less eXp 130-132", lab= " 125= (c-3.5) ((3]: m.p. 131.5-133.5- (hexane («]b*= + m±3.5 
?c= S) for the'enanaomer 13). -n>e.spectral data (IR., -H-NMR.) were identical ^hose °f 13^ 

Evaporation of the combined moiher-Uquors gave sUghUy impure 62 (1.1 g) which was used for 

^^""iTTa.Androst.ie-en.i-one (63). To a stirred solution of Li (60 mg. 8-65 mmoO in ^H, 
(100 S at - 34- was added dropwise a solution of the a./>-unsaturated ketone 62 (202 
aid r^uOH (70 mg. 0.946 mmol) in THF/ether (1:1, 5 ml). The mucture was surred at -34 for 1 h 
^d iJteOH was slowly added until the blue color disappeared. Another poruon of U was added 
^S^^^ Z blue solution was stirred for 1 h. NH.C1 was added to discharge dte blue color, the 
Snrwas allowed to evaporate and the mixture was dissolved in ether/water The org. phase was 
S^hed^eutal, and the solvant evaporated. The crude product (200 mg, V/^f <>^« ^^^^^^^ 

was. dissolved m acetone (10 ml) and oxidized with standard reagctit (1.4 ml . After workup 

;^er) Se product was chromatographed on sUica gel with -y'^'^':^V''^;'^'^jTu A^ul'- 
182 mg (77%) of almost pure 63. Recrystallizauon from pentane gave 1 12 mg odorless 63. M.p. 140 141 
[ab=-38-5' (c-l.O) ([21: m.p. 140-14r. (a]l?= +38* (c=2.08) for the enanUomer 1). - Same 

^'"ZZLru^ou-ie-en-Sa.ol (64). The axial alcohol 64 was obtained « ,%,^t°p 

described for the enantiomer 2. M.p. 131-132.5" (from pentane), lab= - 14.8 (c-0.2) a^l- m-P- 
143 5-144" tal)l= + 13.9° (c= 0.94) for 2). -Same spectra as 2. ,,,.1. 
^''•Ulin^^^^^^ (65). The equatorial alcohol 65 was ^^^^^^^^'^^^ 

described for the enantiomer 3. M.p. 118-119' (from pentane). [ab=-12.6 (c-l-D ([2]. m.p. 
125-127-, [all? « + 1^-2' ^'^^^ *■ Same spectra as 3. 
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